Advances in structural integrity and reliability analysis for critical components
As the demand for the safety and reliability of major equipment such as aircraft engines, steam turbines, nuclear reactors, and high-speed trains increases, researches on structural integrity and reliability of the critical components inside of these equipment have become extremely significant. [1] [2] [3] For critical components, such as turbine disks, blades, reactor pressure vessels, and impellers, the structural integrity and reliability of these components are the primary focus of ensuring safety, operational reliability, and lifecycle costs of major equipment, which need to be guaranteed throughout the entire operating lifecycles. [4] [5] [6] [7] Due to unexpected aging-related degradations, the mechanical properties and structural resistance of critical components often require safety and reliability consideration related to failure mechanisms involved in aging, such as fatigue, creep, corrosion, wear, and thermal aging caused by multiphysics interaction. 8 With advancements in the computational methods, structural integrity and reliability assessment of critical components and their improvement have been feasible through the accurate failure mechanism modeling with the combination of either deterministic or probabilistic analyses. [9] [10] [11] [12] Using model-based and data-driven approaches, researches on reliability and performance degradation assessment could be carried out to increase the lifetime and reliability of critical components. [13] [14] [15] Specifically, failure occurs under influences of multiple sources of uncertainty. Thus, advanced methods for theoretical, numerical, and experimental contributions that address these issues on structural integrity and reliability assessment of critical components are desired. Recently, a variety of experimental and computational techniques have been investigated for the analysis of critical components. Li et al., 16 Zhu et al., 17 Wang et al., 18, 19 and Sun et al. 20 have explored the advanced methods for structural integrity and reliability analysis of critical components.
The purpose of this Special Collection is to demonstrate the most recent theoretical, numerical, and experimental contributions for structural integrity and reliability analysis of critical components, using either destructive or non-destructive methods. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Among the 24 received submissions, eight of them covering fields of interest from theoretical aspects to engineering applications were finally selected for publication.
In the topic of robust design considering reliability, ''A reliability-based robust design for structural components with a variable cross section under limited probabilistic information'' by T. Zhang et al. presents methods for reliability sensitivity analysis with limited probabilistic information and reliability-based robust design for variable cross-section structural components with non-normally distributed parameters. It provides the changing condition of reliability with respect to the variable cross section and describes the change rule of reliability with respect to the design parameters.
In the paper titled ''Multidisciplinary design optimization of hard rock tunnel boring machine using collaborative optimization,'' W. Sun et al. developed a multidisciplinary design optimization (MDO) model to optimize the performance of the hard rock tunnel boring machine (TBM) using the collaborative optimization architecture. The results explore the correlation between the design variables and the TBM's performance, and indicate that the MDO process has significantly improved the performance of the TBM.
In the paper titled ''Optimal design for outer rings of self-lubricating spherical plain bearings based on virtual orthogonal experiments,'' L. Gong et al. optimally designed a new shape of the outer rings for spherical plain bearings by combining virtual orthogonal experiments with finite element method (FEM) analysis, and simulation results demonstrated the improvements for the forming quality with the new outer ring.
In ''Total fatigue life analysis of a nodular cast iron plate specimen with a center notch,'' M. Groza et al. modified the conventional strain-life method for notch analysis by considering the effect of mean stress relaxation and strain ratchetting, and applied extended FEM and analytical formulas to obtain the crack path and stress intensity factors. The simulation results agree well with the experimental data.
In ''Fluid-structure coupling analysis of impeller in unstable region for a reversible axial-flow pump device,'' F. Meng et al. established coupled solution of the flow field and structural response of the impeller to obtain both the deformation and the equivalent stress on the impeller surface in unsteady region, which provides guide information for reliability design of the impeller shape.
In ''Cross modal strain energy-based structural damage detection in the presence of noise effects,'' M. Xu et al. investigated cross-modal strain energy method together with two solving approaches, namely, locality and wholeness approaches, and also explored their intrinsic features. In addition, they proposed a new methodology for damage assessment by combining these two approaches; numerical results indicate that it outperforms other approaches in damage localization and severity estimation.
In ''Impact cushioning device of wireless sensor node for emergency rescue system in underground coal mine,'' G. Zhou et al. designed and verified an impact cushioning device to ensure the efficient communication of a monitoring network used in the poor geographical conditions and uncertain factors of an underground coal mine. The test results show that the shell of the device and circuit boards are reliable under given gas explosion.
In the paper titled ''Research of mission success importance for a multi-state repairable k-out-of-n system,'' J. Zhao et al. conducted mission success importance analysis for a multistate k-out-of-n repairable system based on multistate multivalued decision diagram as well as the implementation procedure, and also studied the change trend of mission success importance in typical repairable systems when the reliability and maintainability parameters of one component were changed.
It has been our pleasure and honor to organize this Special Collection in Advances in Mechanical Engineering. We sincerely hope that it will be of great help to bring high-quality research in structural integrity and reliability assessment of critical components.
Acknowledgements
We would like to thank both the authors and the reviewers for their valuable contribution and suggestions. We would also like to express appreciation to Holly Shore and Matthew Landau (SAGE Publishing) for great efforts in the publication of this Special Collection, and the support of the publisher and the editorial board of the journal for organizing this collection.
Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.
